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Objective: To evaluate intravascular ultrasound (IVUS) as a control procedure after femoropopliteal percutaneous 
transluminal angioplasty (PTA), and compare it with arteriography. 
Design: Descriptive study. 
Material: Arteriographic and intravascular ultrasound ata obtained from 18 patients (20 limbs) undergoing PTA of 
the superficial femoral or poptiteal artery. The degree of stenosis, the diameter and area of the lumen and the morphological 
changes in the plaque were related to the short-term patency of the intervention, as evaluated by duplex scan and ankle 
brachiaI index. 
Results: Fifteen arteries remained patent. Two occlusions and two stenoses developed during the first 3 months after the 
intervention and one occlusion occurred after 1 year. Th  following IVUS parameters were related to a fav urable patency: 
presence of calcification, dissection or plaque rupture and residual stenosis of less than 70%. The arteriographically 
determined diameter reduction did not show predictive value. 
Conclusion: This study shows that in contrast to arteriography, IVUS revealed parameters predictive for patency 
following PTA. 
Key Words: Intravascular ultrasound, Percutaneous transluminal angioplasty; Peripheral arteries; Plaquemorphology; 
Prediction of outcome. 
Introduction 
Intravascular ultrasound (IVUS) is able to visualise 
vessel umen and wall, differentiate between the dif- 
ferent components of arteriosclerotic plaques, and de- 
scribe the morphological changes in the plaques after 
percutaneous transluminal angioplasty (PTA). The 
question is whether this information i addition to the 
arteriography is of any value in predicting the outcome 
after intervention. A recent study I has showed that 
IVUS can predict restenosis after angioplasty in th~ 
coronary arteries. Preliminary results from a multi- 
centre trial have indicated that IVUS findings can 
also predict outcome in peripheral arteries. 2 We have 
reviewed our experience with IVUS during PTA of the 
femoral and popliteal arteries, and examined whether 
we could corroborate these preliminary findings. 
Material and Methods 
From August 1993 to April 1995, 18 patients (11 men 
and seven women, median age 72 (range 48-83) years) 
* Please address all correspondence to: Katja C. Vogt, Department of 
Vascular Surgery RK 3111, Rigshospitalet, University ofCopenhagen, 
Blegdamsvej 9, DK-2100 Copenhagen, Denmark. 
scheduled for PTA of 15 superficial femoral and five 
popliteal artery lesions were studied. There were six 
stenoses and 14 occlusions. Two patients suffered bi- 
lateral occlusions. The median length of the lesions 
was 3 cm (range 0.5-6.5). Only four patients had poor 
runoff (defined as a blind segment or only one patent 
crural artery). The indications for angioplasty were 
disabling claudication i  11 cases, rest pain in three 
cases and ulceration/gangrene in six cases. Four (22%) 
patients had non-insulin-dependent diabetes. Six 
patients had previously undergone PTA or femoro- 
popliteal bypass on the contralateral limb. None of 
the patients had previous urgery or angioplasty per- 
formed on the ipsilateral limb. Informed consent was 
obtained from all patients, and the study was approved 
by the local ethical committee. Ankle brachial index 
(ABI) was measured before and after PTA. 
Single plane arteriograms were obtained after ante- 
grade insertion of a 6 F arterial sheath (Daig corp. 
Minnetonka, U.S.A.) in the ipsilateral common femoral 
artery and PTA was performed with a 5 mm balloon 
(Olbert catheter, Meadox-Surgimed, Denmark). Dur- 
ing the procedure, a median of 6000 units of heparin 
(range 3000-8000) were administered intra-arterially. 
The degree and length of the lesions were measured 
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before and after the intervention by angiography. The 
presence of calcification and dissection in the plaques 
was assessed from the arteriograms, but an exact 
quantification was not technically possible. The num- 
ber of patent crural arteries was recorded. 
The intravascular ultrasound investigation was per- 
formed with a 30 MHz transducer mounted in the 
tip of a 5 F catheter (CVIS Cardiovascular Imaging 
Systems Inc., Sunnyvale, California). Proximal to the 
transducer, a rotating mirror reflected the ultrasound (A) 
beam to 360 degrees of the vessel, producing trans- 
sectional images displayed on a monitor and stored 
on a SVHS video recorder. The catheter was introduced 
over a guidewire through the arterial sheath used for 
the angioplasty catheter. The position of the catheter 
tip was recorded under fluoroscopy. Intravascular 
ultrasound was performed before and after the angio- 
plasty in all stenotic lesions, but only after angioplasty 
in occlusions. 
The IVUS equipment enabled off-line measurement 
of luminal diameter, free lumen area and media-bound 
area for calculation of the degree of stenosis (Fig. 1). 
This was done by using a trackball to outline the inner 
and outer lining of the int ima/ateroma,  representing 
the free lumen area and the media-bound area, re- (B) 
spectively (Fig. 1C). The ratio between these two areas 
yielded the degree of stenosis. The smallest diameter 
was measured at each site. The whole arterial segment 
was visualised and recorded on the video tape, but 
measurements were made from the smallest lumen 
area site. 
Qualitative measurements with IVUS included the 
heterogenicity of the plaque, assessed subjectively 
from the echogenic pattern. A dissection was defined 
as a splitting between the intima and media, or within 
the intima, creating a flap. The degree of calcification 
and the degree of dissection were measured on digit- 
ised ultrasound pictures. The pictures were transferred 
from the IVUS video recorder to a computer with an 
imaging program (Image-pro plus, Media Cybernetics, 
Silver Spring, U.S.A.). The extent of dissection and (c) 
calcification was determined in degrees of the arc of 
the circumference calculated from the centre of the 
artery. The length of the dissections could not be 
evaluated irectly. The presence or absence of rupture, 
defined as a crack or injury in the plaque without 
creation of a flap, was noted but not quantified. 
Following discharge, all patients were scheduled for 
clinical controls and duplex scanning after 3, 6, 9, 12, 
Fig. 1. Intravascular ultrasound image of th superficial femoral 
artery. (A) The transducer (t)creates a black area in the centre of 
the trans-sectional view. The lumen (1) is bordered by the lamina 
elastica interna and the intima (i) appearing white and slightly 
thickened in the top of the artery. The black ring outside the intima 
represents the media (m). An artefact (a) is seen at 1 o'clock caused 
by a wire from the transducer. The small picture in the left corner 
is the flouroscopy image. (B) The diameter of the lumen has been 
marked and the result, 4.5 mm, is seen in the Iower left comer. (C) 
The outer and inner lining of the intima have been marked. The 
area of the lumen and the media-bound area are calculated and 
shown in the lower left corner f the picture, along with the degree 
of stenosis and diameter reduction, which ave been calculated 
from these two areas. 
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18 and 24 months, using a B&K 3535 colour duplex 
scanner (B&K Medical, Copenhagen, Denmark) and a 
5 MHz phased array transducer. After 1 January 1995, 
patients were also seen after i month (n = 6). At each 
visit, patients were asked about clinical symptoms and 
smoking habits, and ABI was measured. On duplex, 
any change in the velocity profile was noted. A stenosis 
(exceeding 50%) was defined as an increase in peak 
systolic velocity by a factor 2.5 or more, spectral 
broadening and a dampened signal (prolonged 
systolic risetime, rounded systolic peak, gradual de- 
cline during diastole) distal to the stenosis. An oc- 
clusion was defined as lack of flow in the arterial 
segmentY These findings on the site of previous 
intervention, along with a decrease in ABI to the level 
before the intervention, were indicative of a non-patent 
treated segment. 
Statistics 
The Mann-Whitney rank sum test was used for ana- 
lysis of unpaired continuous data. Changes in one 
variable were evaluated by the Wilcoxon-Pratt test. 
Proportions among two groups were compared by 
Fischer's exact test. Correlation between data was 
evaluated with Spearman's rank correlation analysis. 
Patency rates were calculated by Kaplan-Meyer's life- 
table method and compared by log rank test. 
Results 
Arteriographically, the 18 patients revealed six stenotic 
lesions and 14 occlusions. Immediate success, i.e. re- 
canalisation, was obtained in all 20 arteries where 
treatment with PTA was attempted. Three distal em- 
bolisations occurred (15%), all after PTA of occlusions. 
Two of the emboli were wedged proximally in a crural 
artery, and were discovered only on the completion 
arteriography. The last emboli was observed clinically 
because of a blue first toe. None of these complications 
required further interventions. Minor groin haemat- 
oma occurred following two (10%) procedures, and 
both were treated conservatively. 
At the time of follow-up, 15 (75%) arteries remained 
patent for a median of 7 months (range 2-19). Five 
treatments had failed, four within the first 3 months, 
resulting in a patency rate of 91% after 1 month, 78% 
after 6 months and 63% after 1 year. All five recurrent 
lesions were treated surgically (n = 3) or with re-PTA 
(n =2). 
Clinical data 
There was no relation between patency and the pre- 
disposing factors such as age, smoking habits, cardio- 
pulmonary disease, hypertension or diabetes. Nor 
could any difference in outcome be seen between 
patients with critical ischaemia and claudicants. 
Neither the ankle blood pressure before or after PTA 
nor the rise was significantly related to patency. 
Arteriographic data 
The only arteriographic parameter related to the out- 
come was the original type of lesion, i.e. the patency 
rate was significantly better for stenoses than for oc- 
clusions (p<0.05). Neither the runoff nor the length of 
the lesions could be related to the patency. Nor did 
the degree of dissection, amount of calcification or 
residual stenosis, assessed arteriographically, show 
any predictive value for the outcome (Table 1). The 
degree of residual stenosis assessed arteriographically 
was compared to the similar data obtained with IVUS 
in Fig. 2 without being able to demonstrate any re- 
lationship (r = 0.25; p = 0.3). It is notable that the sten- 
oses are considered 30% more severe on average when 
evaluated by IVUS compared to arteriography. 
Qualitative IVUS data 
The heterogenicity of the plaque (six homogenous, 
14 heterogenous) was not related to patency. The 
distribution of the plaque, eccentric or concentric, 
could only be assessed in the six stenotic lesions, 
and a possible relation to patency was therefore not 
evaluated. Calcifications were seen within the plaque 
of 14 out of the 20 arteries. The median degree of 
calcification was 15 ° of the arterial circumference. The 
arteries with more than 15 ° calcification (n = 9) had a 
significantly better patency rate as compared to that 
of arteries with no or smaller amounts of calcifications 
(n =11), p =0.02 (Table 1). The four early failures all 
had soft plaques without calcification. 
Dissections were seen in 11 of 20 (55%) arteries 
following PTA. There was a significant correlation 
between the degree of calcification and the size of 
dissection (r = 0.88, p = 0.00001) (Fig. 3). The arteries in 
which a dissection was detected had a better patency 
rate than the arteries in which no dissection could be 
identified (p = 0.03) (Table 1). In four of the nine arteries 
in which no dissection was identified a rupture in the 
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Table 1. The effect on patency, the predictive value, of three parameters measured by both IVUS and arteriography. The median and 
range are listed for the continous variables. The patency rates of the different groups are compared by the log rank test. 
Intravascuiar ultrasound Arteriography 
Median Grouping Number of Effect on Median Grouping Number of Effect on 
(range) patients patency (range) patients patency 
Residual stenosis 60 (40-75)% 
Calcification 15 (0-220) ° 
Dissection 
K60/>60% 12/8 p=O.Ol 25 (0-70)% G25/>25% 10/10 p=0.60 
G15°/<15 ° 11/9 p=O.02 - yes/no 6/14 p=0.48 
yes/no 11/9 p=0.03 - yes/no 10/10 p=0.66 
plaque was detected, while the remaining five arteries, 
including the four early failures, revealed no signs of 
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Fig. 3. The amount of calcification i  the plaque is related to 
the degree of dissection created by balloon dilatation. There is a 
significant correlation between the two parameters r=0.88, 
p<0.00001). 
dissection or rupture after PTA (n = 15) had a sig- 
nificantly better early patency rate as compared to 
lesions not showing any morphological changes (n = 
5) (100% vs. 20%, respectively (p<0.01)). 
Quantitative IVUS data 
As a result of PTA, the free lumen area increased 
significantly from median 0mm 2 (range 0-9.3) to 
11 mm 2 (range 4.4-20.5), (p<0.0001) and the luminal 
diameter from 0 mm (range 0-3) to 3.4ram (range 
2-4.2), (p=0.0001). The degree of stenosis decreased 
significantly from 100% (range 72-100) to 60% (range 
42-76), (p<0.0001). There was a significant relation 
between patency and the luminal diameter after PTA 
(p<0.02), and between patency and residual stenosis 
(p=0.01) (Fig. 4 and Table 1). 
Discussion 
PTA of femoral and popliteal arteries is an attractive 
alternative to bypass procedures, due to its less in- 
vasive nature, lower morbidity and shorter hospital 
stay. However,  patency rates following infrainguinal 
PTA are not as good as those obtained in the iliac 
arteries (63% vs. 75% after 1 year, 38% vs. 53% after 5 
years). 6Post-mortem studies and experimental models 
have provided some information on the patho- 
physiological consequences of balloon angioplasty, but 
more knowledge is necessary in order to improve the 
clinical results. 
IVUS is able to visualise the lumen and the vessel 
wall, including the different components of the plaque 
and its distribution in the artery. 7-9 IVUS is also capable 
of detecting and quantifying morphological changes 
in the plaques after PTA such as dissection, intimal 
rupture and flaps. 1° 12 Finally the degree of stenosis 
before and after intervention can be quantified more 
precisely, in terms of an area reduction instead of a 
diameter eduction. 
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Fig. 4. The cumulated patency rates of arteries with residual stenosis of less than (n-12) or more than 60% (n=8) are compared with 
the log rank test. The difference issignificant (p=0.01). 
In this prospective study, we were able to show a 
significant correlation between measurements made 
by IVUS after PTA and the patency of the intervention. 
Quantitative measurements of the diameter of the 
lumen and the degree of residual stenosis were both 
significantly correlated with patency. Qualitatively, it
seems that a dissection or a rupture represents a change 
in the plaque configuration, which keeps the vessel 
open. This in contrast o the soft plaque, in which 
no morphological changes occur. Theoretically, the 
dissection or rupture provides a break in the elastic 
properties of the vessel, enabling a maintenance of the 
augmented lumen, by preventing elastic recoil. 13'14 In 
accordance with our results, Gussenhoven et al. found 
that the diameter of the lumen was correlated to 
patency after 6 months in 39 patients treated with 
femoral PTA. 2 Furthermore, they found the free lu- 
minal area correlated with patency, and we found the 
degree of residual stenosis to be predictive for the 
outcome. In contrast o our findings, they found that 
the group with reoccluded arteries had the highest 
extent of dissection, and that the extent rather than 
the incidence of dissection was related to the outcome. 
The exact extent of the dissections in their trial is, 
however, not described. In our results we had no 
dissections exceeding 180 °, a fact which could explain 
this discrepancy. This is in keeping with the findings 
of Waller et al., 15 who describe the different sizes of dis- 
sections obtained after PTA as "good, bad and ugly". 
The small dissections are "good ' - -g iv ing  a durable 
result--while dissections exceeding 180 ° and longer 
than i cm are "ugly", with the potential risk of sudden 
occlusion of the arteries due to the large false lumen. 
Compared with IVUS arteriography had a poor 
predictive value, and the only significant relation be- 
tween the arteriographic findings and outcome was 
the better patency for stenotic lesions as compared to 
occlusions. The same relation was found by Johnston 
et al. in their 5-year prospective trial of angioplasties. 6 
Another important predictive factor from their trial 
was runoff. We have not been able to show this re- 
lationship, probably due to the low number of patients 
with poor runoff (n = 4) and the short follow-up period. 
There was surprisingly poor agreement between the 
two imaging modalities when the degrees of residual 
stenosis were compared (Fig. 2). The reason for this 
discrepancy lies partly in fundamental differences be- 
tween the two methods. Arteriography is a lumin- 
ogram and the degree of stenosis is calculated relative 
to an apparently normal segment of the artery prox- 
imal to the stenosis. On the trans-sectional ultrasound 
images, the lumen area and the media-bound area are 
traced, and the degree of stenosis is calculated from 
these two parameters (Fig. 1). It is, therefore, not 
surprising that the degree of stenosis is estimated 
more severely on the ultrasound images than on the 
angiogram. In addition the fact that irregularities of 
the lumen after PTA, which may be filled out by 
contrast agent, thereby producing a seemingly normal 
luminogram, may contribute to the poor agreement in
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our material. We only assessed the post-interventional 
degree of stenosis due to the high number of occlusions 
(70%) in the present series. De Scheerder tal. I6 found in 
a study of 48 patients undergoing coronary angioplasty 
(PTCA) that the agreement between IVUS and ar- 
teriography was good in normal arteries, reasonable 
in diseased arteries, but poor following PTCA, the 
latter in accordance with our findings. 
The significant relationship between the presence of 
dissection and the size of the lumen and the patency 
indicates that this technique.provides more clinically 
relevant information as compared to conventional r- 
teriograpy. But how can the additional information 
provided by IVUS contribute to a better result after 
PTA in the femoropopliteal arteries? The arteries with 
residual stenosis and no changes in the plaque con- 
figuration could be re-expanded with a larger balloon, 
or have a stent inserted. However, stents in the femo- 
ropopliteal arteries are contentious. The patency does 
not improve significantly when a stent is inserted in 
the artery at a primary successful PTA. I7'Is This may 
be due to the thrombogenicity of the stents and the 
formation of intimal hyperplasia. On the other hand, 
stenting as a rescue procedure is beneficial in case 
of an unsatisfactory angiographic result. I8'19 Further 
studies must elucidate whether stenting in arteries 
with an acceptable arteriographic but non-acceptable 
IVUS result can improve the overall patency of 
femoropopliteal PTA. 
The ideal would be to be able.to select patients with 
suitable lesions for PTA on the basis of non-invasive 
imaging (e.g. duplex scanning). From our preliminary 
experience, it would appear that a suitable artery for 
PTA is an artery with a stenosis or a calcified occlusion. 
The question remains as to whether duplex scanning 
of the superficial femoral or the popliteal artery can 
describe the plaque morphology precisely enough to 
make such a selection. 
The complication rate of IVUS is presumably low, 
as almost no complications are reported in the lit- 
erature. But the addition of an extra catheter-based 
procedure may increase the rate of embolisation, 
thrombosis, dissection and perforation--complications 
which are related to endovascular procedures. Another 
aspect is cost, which must be reduced before IVUS 
can be used as a routine control procedure. 
In conclusion, these preliminary findings indicate 
that by supplying additional morphological nd quan- 
titative information, IVUS can predict early outcome 
after femoropopliteal PTA and, in this study, IVUS 
appeared superior to arteriography in this respect. 
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